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Objective: Screening and surveillance are recommended in the management of small abdominal aortic aneurysms (AAAs).
Gaps in surveillance after early diagnosis may lead to unrecognized AAA growth, rupture, and death. This study
investigates the frequency and predictors of rupture of previously diagnosed AAAs.
Methods: Data were extracted from Medicare claims for patients who underwent AAA repair between 2006 and 2009.
Relevant preoperative abdominal imaging exams were tabulated up to 5 years prior to AAA repair. Repair for ruptured
AAAs was compared with repair for intact AAAs for those with an early diagnosis of an AAA, deﬁned as having received
imaging at least 6 months prior to surgery. Gaps in surveillance were deﬁned as no image within 1 year of surgery or no
imaging for more than a 2-year time span after the initial image. Logistic regression was used to examine independent
predictors of rupture despite early diagnosis.
Results: A total of 9298 patients had repair after early diagnosis, with rupture occurring in 441 (4.7%). Those with
ruptured AAAs were older (80.2 6 6.9 vs 77.6 6 6.2 years; P < .001), received fewer images prior to repair (5.7 6 4.1 vs
6.5 6 3.5; P[ .001), were less likely to be treated in a high-volume hospital (45.4% vs 59.5%; P < .001), and were more
likely to have had gaps in surveillance (47.4% vs 11.8%; P < .001) compared with those receiving repair for intact AAAs.
After adjusting for medical comorbidities, gaps in surveillance remained the largest predictor of rupture in a multivariate
analysis (odds ratio, 5.82; 95% conﬁdence interval, 4.64-7.31; P < .001).
Conclusions: Despite previous diagnosis of AAA, many patients experience rupture prior to repair. Improved mechanisms
for surveillance are needed to prevent rupture and ensure timely repair for patients with AAAs. (J Vasc Surg
2014;59:583-8.)Abdominal aortic aneurysms (AAAs) are a signiﬁcant
health concern in industrialized countries, with an esti-
mated prevalence of 5% in men and 1% in women over
age 65.1 Patients with ruptured AAAs may have a mortality
rate of 35% to 80%.2-4 Large prospective studies show that
screening at-risk patients can reduce aneurysm-related
deaths by 45%.5 When AAAs are identiﬁed by screening,
most are small and do not require immediate repair.6 For
these individuals, recommended management includes
interval surveillance with ultrasound7,8 until the AAA has
reached the threshold size for repair. A well-implementedthe Division of Vascular Surgery,a Department of Health Research
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AAA has crossed this threshold, allowing for elective repair
prior to rupture.
Although the importance of following an organized
surveillance plan seems obvious, the regularity of actual
surveillance imaging for AAAs prior to repair is unknown,
and the prevalence of incomplete surveillance and its
impact on patients with AAAs are not well characterized.
Gaps in surveillance after diagnosis of a small AAA may
lead to unrecognized AAA growth, leading to higher rates
of rupture and death. This study investigates the prevalence
and factors associated with rupture of previously diagnosed
AAAs among elderly patients who underwent AAA repair
in the United States, with particular emphasis on the role
of preoperative surveillance.
METHODS
We used data from 2002 to 2009 Medicare claims for
traditional fee-for-service beneﬁciaries. Variables were
collected from the MedPAR (part A) ﬁles, denominator
ﬁles, and Carrier (part B) ﬁles. MedPAR ﬁles include infor-
mation for all hospitalizations that were billed to the
Center for Medicare and Medicaid Services, including
International Classiﬁcation of Diseases, ninth revision, clin-
ical modiﬁcation (ICD-9-CM) codes that we used to iden-
tify diagnoses and operative procedures of interest. Carrier
ﬁles have information about services billed by physicians,
and can be used to identify radiologic procedures583
Table I. Characteristics of Medicare beneﬁciaries
receiving abdominal aortic aneurysm (AAA) repair
Variable
Intact repair
(n ¼ 8857)
Rupture
(n ¼ 441) P value
Patient characteristics
Age at repair (years) 77.6 6 6.2 80.2 6 6.9 <.001
Male gender 75.6 67.3 <.001
Year
2006 25.9 25.4 .14
2007 25.4 26.5
2008 24.6 28.1
2009 24.2 20.0
Caucasian 95.1 93.9 .25
Congestive heart failure 4.7 8.4 <.001
Pulmonary disease 30.4 26.5 .09
Peripheral vascular disease 36.9 29.0 .003
Neurologic disorders 2.7 3.5 .32
Diabetes 14.5 6.6 <.001
Renal failure 11.8 21.3 <.001
Metropolitan residence 95.3 95.1 .67
Medicaid eligible 7.4 12.4 <.001
Hospital characteristics
Teaching hospital 62.9 59.5 .14
Hospital AAA volume
Low 1.5 6.2 <.001
Medium 39.1 50.0
High 59.4 43.8
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nator ﬁle contains demographic data on Medicare enroll-
ees, an indicator for concurrent Medicaid eligibility,
death information, and Medicare enrollment information
including enrollment gaps or enrollment in a Medicare
HMO (Medicare part C).
We identiﬁed patients who were hospitalized with
a diagnosis code for intact AAA (ICD-9-CM codes
441.4 or 441.9) or ruptured AAA (441.3, 441.5) and
a procedure code for AAA repair (ICD-9-CM codes
38.34, 38.44, 38.64, 38.92, or 39.71), between January
1, 2006 and December 31, 2009. Patients were included
only if at least 67 years old, with relevant diagnostic
imaging at least 6 months prior to repair, and with at least
2 years of preoperative Medicare eligibility prior to AAA
repair to ensure that we could accurately capture at least
2 years of preoperative surveillance events. Patients with
incomplete part A or part B coverage or those enrolled
in Medicare part C at any time during the study period
were excluded.
We followed back patients for up to 5 years to collect
information about preoperative imaging. Diagnostic
images of the abdomen or retroperitoneum included ultra-
sound exams (Current Procedural Terminology codes
76700, 76705, 76770, 76775, G0389, 93975, 93976,
93978, 93979), computerized tomographic scans (codes
72191, 72192, 72193, 72194, 74150, 74160, 74170,
74175, 74176, 74177, 74178, 74261, 74262, 74263,
75635), or magnetic resonance imaging (MRI; codes
74181, 74182, 74183, 74184, 74185, 72195, 72196,
72197, 72198). Multiple imaging codes on the same day
for the same imaging modality were considered one exam
to avoid double counting. The listed diagnosis for the
initial exam was also recorded.
Surveillance imaging exams were deﬁned as those per-
formed after the ﬁrst recorded exam and prior to 7 days
before the index admission (the admission for which the
AAA was repaired). We determined the adequacy of
surveillance based on current Society of Vascular Surgery
recommendations,9 which include yearly surveillance
imaging for small (3.5 cm to 4.4 cm in diameter) AAAs
and every 6 months for AAAs 4.5 to 5.4 cm. As data on
AAA diameter were not available, we assumed that most
AAAs were repaired at diameters above 4.5 cm. Allowing
for an additional 6-month grace period between ﬁnal
surveillance image and repair, we deﬁned a gap in surveil-
lance as no imaging exam within 1 year of the repair or
no imaging for more than a 2-year time span.
We compared the characteristics of patients receiving
repair for intact AAAs with characteristics of patients
receiving repair for a ruptured AAA, using standard
descriptive statistics, such as c2 for categorical variables
and t-test for means. We used multivariable logistic regres-
sion to determine the association between rupture and gaps
in surveillance, after adjusting for potential confounders.
Standard errors of the coefﬁcients were clustered at the
hospital level to allow for unobserved characteristics
speciﬁc to hospitals such as treatment patterns. Modelscontrolled for patient demographics and comorbidities,
rural/urban residence, yearly hospital AAA volume, and
hospital teaching status (Table I). Rural/urban residence
and hospital AAA repair volume were categorized as previ-
ously described,10 and comorbidity was estimated using
methods described by Elixhauser et al.11 Multivariable
models were adjusted for year of AAA repair to capture
trends. All variables were included in the analysis.
Differences with two-tailed P-values of <.05 were
considered signiﬁcant, and 95% conﬁdence intervals (CIs)
were used. Statistical analyses were performed using SAS
version 9.1.3 (SAS Institute, Cary, NC) and Stata version
11.2 (StataCorp, College Station, Tex).
RESULTS
Of 15,770 patients who underwent AAA repair during
the study period, 6472 had surgery within 6 months of
initial imaging and were therefore excluded. Most (95%)
of the remaining 9298 patients received repair for intact
AAA, while 441 (5%) patients underwent repair for
a ruptured AAA (Table I). Patients with an intact AAA
were younger than those with a ruptured AAA (77.6 vs
80.2 years; P < .001) and less likely to be women or
Medicaid-eligible. Although differences in comorbidities
were present, some conditions (diabetes, peripheral
vascular disease) were more common for intact repairs,
while others (congestive heart failure, renal failure) were
more common for rupture repairs (Table I).
A diagnosis of AAA with the initial imaging exam was
uncommon for both the intact AAA and the ruptured AAA
Table II. Predictors of surveillance gaps
Variable OR 95% CI P value
Female gender 1.05 0.91-1.21 .51
Age at repair (per decade) 1.60 1.45-1.77 <.001
Medicaid 1.42 1.16-1.74 .001
Hospital AAA volume
Low 1.14 0.71-1.84 .59
Moderate 1.0 Referent
High 0.83 0.73-0.95 .006
Rural residence 1.06 0.91-1.25 .47
Teaching hospital 0.95 0.83-1.09 .46
AAA, Abdominal aortic aneurysm; CI, conﬁdence interval; OR, odds ratio.
Predictors are adjusted for year and comorbidity.
Fig 1. Interval from last image to repair. Patients repaired after
ruptured abdominal aortic aneurysms (AAA; red) had longer
intervals compared with repair for intact AAA (blue). Dotted lines
represent the last 10% of each group. CI, Conﬁdence interval.
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repair of a ruptured AAA (34.9% vs 48.0%; P < .001).
Patients repaired for ruptured AAAs had fewer exams
than those with intact AAAs (5.8 vs 6.5 exams; P <
.001) over a similar time interval from the earliest image
to repair (3.24 vs 3.16 years; P ¼ .31).
Gaps in surveillance were present for 13.5% of
patients. Patients receiving surveillance for more than
2 years prior to repair were more likely to experience
gaps compared with those surveyed for shorter periods
of time prior to repair (35% vs 11%; P < .0001). After
adjusting for comorbidity, race, gender, residence type,
and hospital teaching status, surveillance gaps were more
likely for older patients (odds ratio [OR], 1.60 per decade;
CI, 1.45-1.77; P < .001) and those who were Medicaid-
eligible (OR, 1.42; CI, 1.16-1.74; P ¼ .001), while those
treated at high-volume hospitals were less likely (OR,
0.83; CI, 0.73-0.95; P ¼ .006) to have surveillance gaps
(Table II).
Overall operative mortality was higher for patients with
gaps in preoperative surveillance (11.7% vs 3.4%; P <
.001). Gaps were more likely to be associated with rupture;
patients repaired after ruptured AAAs had far more gaps
compared with intact AAAs (45.6% vs 11.8%; P < .001)
and had longer intervals between the last image and repair
(median, 219 days vs 38 days; P < .001; Fig 1). Patients
receiving repair after rupture were also more likely to
have surveillance gaps remote from surgery (Fig 2); for
this group, the interval between the last image, and surgery
was also longer compared with intact repair (median,
77 days vs 43 days; P < .001). The presence of surveillance
gaps in our model was a strong predictor of rupture prior
to repair (OR, 5.82; CI, 4.64-7.31; P < .001; Table III).
After a Bonferroni correction, other factors independently
associated with rupture were increasing age and repair in
hospitals that were not high volume for yearly AAA repair.
Female gender was not associated with rupture after adjust-
ing for other variables.
Additional analysis of the relationship between the
interval from last image to repair and the likelihood of
rupture is shown in Fig 1. Although we deﬁned a gap in
surveillance as an interval of greater than 1 year from the
last image to repair, signiﬁcant differences were presentwith shorter intervals. By 4 months prior to surgery,
approximately 90% of patients with repair of intact AAAs
had received imaging, while only 60% of those with
ruptured AAAs had received imaging over the same period.
The analyses reported above includes patients who had
any imaging prior to their repair that could have been AAA
related, or that in principle could have detected an AAA if it
were present. This analysis would therefore include all
AAAs repaired, including those identiﬁed incidentally,
which we believe represent a large proportion of diagnosed
AAAs. Since all patients underwent surgery within 5 years
of the initial image, it is likely that the AAA was present
at the initial image; however, it is possible that a small
proportion of the patients in the study did not have an
AAA at the time of the initial image. As a more conservative
analysis, we repeated the calculations in the 49% of patients
who all had an AAA diagnosis associated with their initial
image, as these patients should clearly be candidates for
surveillance. Patients for whom a diagnosis of AAA was
present with the ﬁrst image exam were less likely to have
surveillance gaps (9.8% vs 17.0%; P < .001), but gaps
were predictive of rupture in those with an initial AAA
diagnosis (adjusted OR, 9.4; CI, 9.6-13.5; P < .001)
and in those without an initial AAA diagnosis (adjusted
OR, 4.0; CI, 3.0-5.5; P < .001).
DISCUSSION
This study shows that gaps of 1 year or more in surveil-
lance of AAA are associated with an increased incidence of
rupture. Avoiding gaps in surveillance for known AAAs
might reduce ruptured AAAs, as up to one-third of patients
with a ruptured AAA had received abdominal imaging
more than 6 months prior to rupture.12 These ﬁndings
add to previous work studying observational surveillance
of small AAAs13,14 that conﬁrmed the efﬁcacy of observa-
tion compared with repair for AAAs between 4.0 cm and
5.5 cm. Although these studies had well-deﬁned surveil-
lance schedules, adherence to the protocol was not re-
ported. Gaps in surveillance were likely to have occurred
Fig 2. Relationship between remote surveillance gaps and
rupture. Patients with gaps in surveillance in the year prior to repair
were excluded. Those with rupture (red) had more remote
surveillance gaps; they also had a longer interval from the last
image to surgery (median, 77 days vs 43 days; P < .001).
Table III. Predictors of rupture
Variable OR 95% CI P value
Female gender 1.15 0.90-1.47 .27
Age at repair (per decade) 1.62 1.35-1.95 <.001
Gaps in surveillance 5.82 4.64-7.31 <.001
Year
2006 1.0 Referent
2007 1.15 0.85-1.57 .37
2008 1.12 0.81-1.56 .49
2009 0.92 0.68-1.26 .61
Caucasian race 1.27 0.72-2.25 .40
Income
Low 1.35 0.94-1.94 .19
Middle 1.0 Referent
High 1.02 0.79-1.32 .88
Medicaid 1.30 0.88-1.93 .19
Rural residence 1.01 0.84-1.42 .51
Hospital AAA volume
Low 2.53 1.35-4.76 .004
Moderate 1.0 Referent
High 0.66 0.52-0.83 <.001
Teaching hospital 1.00 0.80-1.27 .98
AAA, Abdominal aortic aneurysm; CI, conﬁdence interval; OR, odds ratio.
Predictors are adjusted for patient comorbidity.
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of rupture.
In the U.S., screening for AAAs is underutilized,15 and
most AAAs appear to be diagnosed incidentally.12
Conversely, over 80% of AAAs diagnosed from a well-
implemented screening program are small and may require
years of surveillance. Although disagreement exists
regarding the optimal interval between surveillance
images,9,16 Bown et al recently suggested that surveillance
of small aneurysms can be safely performed every 2 to
3 years,17 with shorter intervals for larger AAAs. Our study
provides a cautionary note to this recommendation, as U.S.
Medicare patients receiving surveillance for more than
2 years prior to repair were more likely to experience
gaps in surveillance. Standardized follow-up mechanisms
are essential for appropriate surveillance, especially for
aneurysms that enlarge, as gaps appear to increase the
risk of subsequent rupture. Consistent with our ﬁndings,
a population-based screening program in Gloucestershire,
UK18 found that AAA-related mortality was highest in
the group with initial AAA diameter of 4.5 cm to
5.4 cm. The investigators postulated that the increased
mortality for this group may have been due to a protocol
that included 6-month intervals between surveillance
imaging for AAAs of this diameter, as opposed to 3-month
intervals that have been recommended by others.7
U.S. Medicare patients with incidentally diagnosed
AAAs or those requiring more than 2 years of surveillance
appear to be at increased risk of surveillance gaps and subse-
quent rupture. This observation may be explained bypatient, physician, or hospital factors, and highlights the
importance of a standardized surveillance protocol for all
diagnosed AAAs to optimize the effectiveness of surveil-
lance in actual practice. We believe key components of
a well-structured cost-effective surveillance program include
automatic enrollment upon identiﬁcation of AAAs, prede-
ﬁned interval between images based on measured AAA
diameter, and a mechanism to effectively follow patients
for whom the interval between images is greater than
1 year. Patient and physician education is also essential to
ensure that patients with incidentally diagnosed AAAs are
educated about the importance of surveillance and that
those with small AAAs are not lost to follow-up.
We found that volume of AAA repair was consistently
associated with better surveillance of AAAs. These obser-
vations are consistent with other beneﬁts of receiving AAA
care in high-volume centers, such as improved short-term
outcomes for elective and ruptured AAAs,19 as well as
long-term outcomes.20 Rural patients have been shown
to be more likely to be treated in high-volume centers,
translating to equivalent survival despite lack of local
access to specialty care.10 Many factors of high-volume
hospitals are thought to be associated with improved
outcomes, including local physician expertise, standard-
ized protocols, well-trained staff, and access to newer
technology. These factors may also contribute to appro-
priate surveillance of AAA consistent with established
guidelines.
The relationship between Medicaid eligibility and
rupture deserves special attention. Our study is consistent
with others, who found that Medicaid patients from
2000 to 2005 were more likely to present with ruptured
AAAs.21 Our ﬁndings provide evidence supporting the
hypothesis that much of the disparity associated with
JOURNAL OF VASCULAR SURGERY
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preventative medical care with subsequent inadequate
surveillance of previously diagnosed AAA. Previous investi-
gators identiﬁed disparities in preventative care for carotid
revascularization,22 while other studies have identiﬁed
insurance disparities for conditions such as treatment of
cholecystitis, trauma outcomes, and medical care use.23-25
A variety of other factors may also contribute, including
variable access to regular medical care, lack of access to
specialty care, or patient preferences.
Our study is restricted by the unavailability of certain
clinical data, including aneurysm size or the presence of
active coexisting medical conditions that may have inter-
fered or enhanced the procurement of surveillance imaging
exams. Patients with a ruptured AAA who died without an
attempted repair were excluded from the study, suggesting
that we may have underestimated the incidence of surveil-
lance gaps since rupture was so strongly associated with
such gaps. As our cohort was limited to patients receiving
repair for AAAs, we cannot comment on the impact if
any of surveillance gaps for all patients with AAAs. Addi-
tionally, analysis of administrative data is subject to errors
in coding of diagnoses or procedures or variability in
coding other medical conditions.26 However, errors are
unlikely for hospitalizations with major surgical procedures
or serious medical conditions.27,28 Also, as with any retro-
spective study, there is bound to be some unadjusted con-
founding, and the amount of bias from this is unknown.
We believe that these limitations do not diminish our
primary conclusions.
CONCLUSIONS
In conclusion, gaps in surveillance appear to be a key
factor associated with rupture of known AAAs. Further
study is warranted to determine best practice for surveil-
lance of AAAs as well as factors associated with adherence
to surveillance standards.
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